Latent autoimmune diabetes in adults (LADA) is considered a subgroup of type 1 diabetes and is often misdiagnosed because of a lack of both awareness and standardized diagnostic criteria ([@B1]--[@B3]). LADA is characterized by adult-onset diabetes and circulating autoimmune antibodies; thus, patients may present clinically with characteristics of both type 1 and type 2 diabetes ([@B2]--[@B5]). Typically, the clinical features of type 1 diabetes seen in LADA include a lower BMI compared to what is typical in type 2 diabetes and autoimmunity against one or more of the following antibodies: islet cell autoantibodies (ICA), autoantibodies to glutamic acid decarboxylase (GAD), tyrosine phosphatase--related islet antigen 2 (IA-2), and insulin autoantibodies (IAA) ([@B4],[@B5]). The characteristics of type 2 diabetes that may present in LADA include older age at onset and insulin resistance or deficiency. Characteristics of LADA tend to include an intermediate level of β-cell dysfunction between those in type 1 and type 2 diabetes, faster decline of C-peptide compared to type 2 diabetes, and a level of insulin resistance that is comparable to type 1 diabetes ([@B4]). β-Cell decline is variable in LADA, as measured by C-peptide levels ([@B5]--[@B7]).

Although it has a closer pathophysiological relationship to type 1 diabetes, LADA is often misdiagnosed and treated as type 2 diabetes ([@B2]--[@B5]). This results in insufficient glycemic control and harm to patients. It is imperative to establish distinct practice guidelines for the diagnosis and treatment of LADA and for providers to recognize this clinical scenario as one that requires special testing to establish a proper diagnosis and thus improve patient safety and treatment efficacy.

The similarities between type 1 diabetes, type 2 diabetes, and LADA can make diagnosis difficult ([Table 1](#T1){ref-type="table"}). There are, however, other characteristics for this population that may prompt diagnostic screenings and help to distinguish LADA from type 1 or type 2 diabetes ([@B4],[@B5]). In type 1 diabetes, the typical age of onset is \<35 years, the response to lifestyle modification and oral agents is poor, patients are generally lean from unintentional weight loss, and they have positive titers for at least one autoantibody ([@B4]). Conversely, in type 2 diabetes, the typical age of onset is \>35 years, response to lifestyle modifications and oral agents is good, patients are often overweight or obese, and they test negative for autoantibodies. LADA has a typical age of onset that is more characteristic of type 2 diabetes, and patients respond initially to lifestyle modifications and oral agents, but their response then declines as β-cell function deteriorates ([@B5]). Patients with LADA also test positive for at least one autoantibody.

###### 

Characteristics of Type 1 Diabetes, Type 2 Diabetes, and LADA

                              Type 1 Diabetes     Type 2 Diabetes           LADA
  --------------------------- ------------------- ------------------------- ----------------------------
  Age (years)                 \<35                \>35                      ≥30
  C-peptide                   Very low            Normal to high            Low
  ICA                         Often positive      Negative                  Can be positive
  GAD65                       Often positive      Negative                  Can be positive
  IA-2                        Often positive      Negative                  Can be positive
  IAA                         Often positive      Negative                  Can be positive
  Circulating insulin         Rapidly deficient   Excessive and resistant   Gradually deficient
  Time to requiring insulin   At onset            Can be many years         Within 6 months (variable)

In addition to a full antibody panel, C-peptide is often measured as a marker to differentiate the types of diabetes ([@B4],[@B5],[@B8]) C-peptide levels are often undetectable in type 1 diabetes and normal to high in type 2 diabetes, whereas patients with LADA tend to have low to normal initial C-peptide levels. However, patients with type 1 diabetes can have some residual C-peptide up to 5 years after diagnosis, especially those who are diagnosed after the age of 18 years, making this a less distinct marker for diagnosis ([@B8]). Recognizing that testing for specific autoantibodies may not always be practical because of high testing costs, standardization, and results that can be difficult to interpret, evaluating C-peptide levels may be more cost-effective.

Whereas type 1 diabetes often develops rapidly, LADA is not as rapid and presents like a slowly progressing form of type 1 diabetes. Because β-cell function is lost more gradually than in type 1 diabetes but more rapidly than in type 2 diabetes, patients may initially respond to noninsulin glucose-lowering agents. However, once β-cell function declines, their response to these agents will diminish.

Patients with LADA who are incorrectly diagnosed with type 2 diabetes often will be started down a path of various oral treatment options, potentially delaying effective treatment. Although, as noted, LADA patients may initially respond to oral medications, they often require insulin therapy within 5 years of diagnosis. Providers may spend several months titrating oral medications, suspecting nonadherence, and enforcing further lifestyle modifications when, in actuality, these patients are in need of insulin therapy. Medications that preserve β-cell function may be useful for LADA as well, given its relatively more rapid progression of β-cell loss compared to type 2 diabetes ([@B4]). Incorrect diagnosis can delay proper treatment, exposing patients to potential adverse effects from ineffective drugs, slowing progress toward normoglycemia, and ultimately increasing the risk of long-term complications.

In an effort to build on the groundwork for establishing guidelines, the Immunology of Diabetes Society (IDS) has proposed three criteria to standardize the definition of LADA: *1*) age usually ≥30 years, *2*) positive titer for at least one of the four autoantibodies, and *3*) has not been treated with insulin within the first 6 months after diagnosis ([@B4],[@B5]).

Although it has been demonstrated that GAD and ICA are the more dominant antibodies in LADA, the presence of other antibodies is also indicative of an underlying autoimmune process ([@B1],[@B8]--[@B10]). In fact, Tiberti et al. ([@B10]) have proposed, based on their study of 177 patients with LADA, that the specific IA-2 construct 256-760 may be more frequent in LADA than has been reported previously.

The following case presentation highlights the diagnosis and management of a patient who closely met the IDS criteria for LADA but was initially diagnosed with type 2 diabetes.

Case Presentation {#s1}
=================

A 36-year-old man presented to an internal medicine clinic's pharmacotherapy diabetes service as a new patient. He had been diagnosed with type 2 diabetes 2 years previously and was started on metformin, with the later addition of glyburide.

At the initial visit with the new service, the patient reported no improvement from current oral medications, feelings of frustration and defeat about his current glycemic control, and unintentional weight loss of \>20 lb in the past year. His A1C was 9.3%. In addition to diabetes, the patient was prehypertensive and had total and LDL cholesterol levels that were not meeting standard goals of the time.

Because of the A1C \>9% and suspicion of LADA, the patient was instructed to discontinue oral agents and was started on insulin glargine 25 units daily. Antibody tests were ordered with the following results: C-peptide 0.34 ng/mL (normal 0.8--3.0 ng/mL), GAD65 \<1 U/mL (normal \<1 U/mL), and IA-2 3.4 U/mL (normal \<0.8 U/mL, specific construct level detail not available). The patient was also started on pravastatin 20 mg daily.

The patient was diagnosed with LADA and subsequently also started on 2 units of insulin aspart with meals. Two months later, his A1C had improved to 5.9%. At this visit, he was educated about counting carbohydrates to further match insulin doses to carbohydrate intake using an insulin-to-carbohydrate ratio of 1:15 for breakfast and 1:10 for lunch and dinner. Four months later, the patient continued to maintain good glycemic control with an A1C of 5.6%. After the adjustment in drug therapy, he demonstrated good glycemic control and had improvements in blood pressure and total and LDL cholesterol. With insulin use, he also returned to his "normal" weight, regaining almost 20 lb. The patient reported adherence to his insulin regimen and carbohydrate counting at meals, and his glucose remained controlled throughout the next year.

Discussion {#s2}
==========

The patient in this case closely fits the proposed IDS criteria for diagnosing LADA. He was \>30 years of age, and although he did not test positive to one of the more commonly seen antibodies (GAD), he had high titers of IA-2 (meeting the criterion of testing positive to at least one antibody), and he was not treated with insulin within the first 6 months after diagnosis. Additionally, he had a low C-peptide level.

In addition to meeting these criteria, his course of disease progression resembled that of a misdiagnosed LADA patient. The patient was initially treated with oral medications, as would be a patient with type 2 diabetes. However, despite adherence, these medications made an insufficient impact, achieving an A1C of 9.3% by the time he was first seen at the clinic. The patient also continued to lose weight, much like a patient with type 1 diabetes.

Within these guidelines, an accurate diagnosis was made and treatment was appropriately changed to basal and bolus insulin to gain consistent glycemic control.

Conclusion {#s3}
==========

Correctly diagnosing LADA is essential to choosing a proper treatment regimen that will attain and maintain glycemic control. In a review by Laugesen et al. ([@B11]), patients with LADA were found to have worse glycemic control with higher A1C levels and progress toward needing insulin therapy much more rapidly than those with type 2 diabetes. Given the high prevalence of type 2 diabetes in adults, it can be easy to miss a LADA diagnosis.

Ironically, the prevalence of LADA may actually be even higher than that of type 1 diabetes. Hawa et al. ([@B12]) studied 6,156 patients who were within 5 years of diabetes diagnosis and between the ages of 30 and 70 years. Similar to previous reports in the literature, they found that 9.7% of the patients had characteristics of LADA, which included *1*) age 30--70 years, *2*) presence of diabetes-associated antibodies (68.6% GAD only, 5% IA-2A only, 2.3% ZnT8A only, and 24.1% with two antibodies), and *3*) no insulin requirement within 6 months of diagnosis. Additionally, among the patients in this study, more were classified with LADA (*n* = 377) than with type 1 diabetes (*n* = 114) (odds ratio 3.3).

Patients are often misdiagnosed due to the use of arbitrary screening criteria such as age. In addition to the IDS proposal of testing positive to at least one antibody, this case highlights the potential benefit of also adding C-peptide measurement for screening purposes. Additionally, using the IDS criteria, the LADA China Study ([@B13]) found that the prevalence of LADA in their cohort was 5.9% and observed that the patients with LADA had lower fasting C-peptide levels. C-peptide levels are generally lower in LADA than in type 2 diabetes and are not as reliable for the diagnosis of type 1 diabetes ([@B4],[@B5],[@B13]).

Health care providers must learn to recognize the characteristics associated with LADA and to order the proper diagnostic tests to make a differentiation ([@B11]--[@B13]). Because there are no distinct clinical features for LADA, the only way to identify it is by antibody testing. Doing so may lead to better treatment options and earlier glycemic control, potentially decreasing the risk of long-term complications associated with poor glycemic control.

In addition to insulin, other therapy options that preserve β-cell function, including dipeptidyl peptidase-4 inhibitors, glucagon-like peptide 1 receptor agonists, and thiazolidinediones, could be considered for patients with LADA. Conversely, therapy options such as sulfonylureas that increase the rate of deterioration of C-peptide secretion, further depleting insulin levels, should be avoided ([@B14]--[@B20]).

By recognizing that a patient has LADA, we can ensure that the patient is also screened for other autoimmune diseases in a timely manner. Thyroid disease, for example, was found to be more prevalent in patients with LADA compared to those with type 2 diabetes ([@B14]).

This case highlights the importance of developing standardized guidelines for LADA to improve diagnostic and treatment quality, help providers become more aware of LADA, and decrease the risk of harm to patients from inadequate treatment.
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